In studies of stress in humans and animals, urinary excretion of catecholamines and cortisol is widely used as a stress index (1, 2). In most studies that have measured urinary catecholamines, hydrochloric acid or some antioxidant has been added to the urine samples immediately after voiding. This is probably because classic methodology demands preservation of urine specimens to prevent catecholamine degradation (3-5). On the other hand, urine is not usually acidified when glucocorticoids are to be analyzed (2, 6) . Because of the difference in urine treatment required for studies of catecholamines and glucocorticoids, it has been necessary to prepare two kinds of urine samples in parallel, i.e., acidified and unpreserved. Clearly it would be preferable if a single urine treatment could be used for analysis of both stressrelated hormones. However, to our knowledge, little is known about the stability of these compounds in urine kept under different conditions. In the present study, we examined changes in catecholamine and cortisol concentrations in human urine samples stored at various pH values for different periods, using HPLC and fluorometry. The stability of urinary creatinine was also investigated, because creatinine excretion is commonly used to estimate the exact timing of urine collection.
In studies of stress in humans and animals, urinary excretion of catecholamines and cortisol is widely used as a stress index (1, 2) . In most studies that have measured urinary catecholamines, hydrochloric acid or some antioxidant has been added to the urine samples immediately after voiding. This is probably because classic methodology demands preservation of urine specimens to prevent catecholamine degradation (3) (4) (5) . On the other hand, urine is not usually acidified when glucocorticoids are to be analyzed (2, 6) . Because of the difference in urine treatment required for studies of catecholamines and glucocorticoids, it has been necessary to prepare two kinds of urine samples in parallel, i.e., acidified and unpreserved. Clearly it would be preferable if a single urine treatment could be used for analysis of both stressrelated hormones. However, to our knowledge, little is known about the stability of these compounds in urine kept under different conditions. In the present study, we examined changes in catecholamine and cortisol concentrations in human urine samples stored at various pH values for different periods, using HPLC and fluorometry. The stability of urinary creatinine was also investigated, because creatinine excretion is commonly used to estimate the exact timing of urine collection.
In the present experiments, urinary free catecholamines were assayed using a modification of a method described previously (7) . Briefly, 0.5 or 1 mL of urine was adjusted to pH 8.4 -8.6 with 1 mol/L NaOH after addition of 100 pmol of isoproterenol as an internal standard and 1 mL of 0.1 mol/L Na 2 EDTA (pH 8.6); the urine was then adsorbed to 150 mg of alumina packed in a glass column (6 mm i.d.). The alumina was washed twice with 5 mL of water and eluted with 1 mL of 0.25 mol/L acetic acid. The eluate was kept at Ϫ20°C until HPLC analysis, unless otherwise stated. A small portion (100 L) of the acidic extract was injected onto an HPLC column (Senshupak SCX-0201N 200 ϫ 4 mm, Senshu Kagaku), using an autosampler, and developed with a mobile phase of 0.1 mol/L phosphate buffer (pH 3.5) containing 100 mL/L acetonitrile. Catecholamines in the eluate were derivatized by a postcolumn reaction, using the trihydroxyindole method, and detected by a spectrofluorometer with excitation and emission wavelengths of 420 and 520 nm, respectively. Absolute recovery from the alumina was 70 -80%, but the amount of the amine was corrected using an internal standard. The CV of the calculated values was Ͻ6% (n ϭ 10). The detection limit (signal-to-noise ratio ϭ 5) was 0.05 pmol for adrenaline in the present HPLC analysis.
For analysis of free cortisol (8), 11-deoxycortisol or tetrahydrocorticosterone was added to urine as an internal standard, and the urine was extracted with dichloromethane. The organic layer was washed with 0.1 mol/L sodium hydroxide and water and then evaporated to dryness. The residue was dissolved in 100 mL/L acetonitrile and injected onto an HPLC column (Capcell-pak C8, 250 ϫ 4.6 mm, Shiseido). The column was eluted with 300 mL/L acetonitrile, and the effluent was mixed with sulfuric acid to produce a fluorescent derivative. The fluorescence intensity was recorded continuously using a spectrofluorometer with excitation and emission wavelengths of 465 and 530 nm, respectively. Urine creatinine concentrations were measured using the Jaffe reaction, by the AutoAnalyzer method (9) .
Each sample was assayed once after initial thawing, and measurements were performed in duplicate. Urine catecholamine and cortisol concentrations are expressed as nmol/L, and creatinine as g/L of original urine, unless otherwise stated. Authentic noradrenaline, adrenaline, dopamine, and cortisol were obtained from Sigma Chemical Co., and the HPLC system used was purchased from Hitachi Co. Ltd. (L-6000 series). Because the CVs in cortisol and creatinine measurements were similar to those in catecholamine analysis, we used values within 6% of the initial baseline, in principle, as the criterion for stability in the present study.
In a preliminary experiment, the stability of catecholamines in unpreserved urine during storage at Ϫ80°C was examined. Urine samples obtained from four healthy human volunteers were divided into two portions, one of which was acidified with 6 mol/L hydrochloric acid (1.5 mL/h of urine collection). The acidified (pH 1.7-2.3) and unpreserved (pH 5.4 -6.8) urine samples were poured separately into small plastic tubes. After storage in a freezer (Ϫ80°C) for periods of up to 4 months, each urine sample was thawed under tap water, and the concentrations of catecholamines, cortisol, and creatinine were determined as described above.
During storage at Ϫ80°C for 4 months, catecholamine concentrations were within 6% of the baseline concentraClinical Chemistry 44, No. 8, 1998 tions on day 0 for both acidified and unpreserved urine samples, indicating that catecholamines in acidified and unpreserved urine are stable at Ϫ80°C for at least 4 months.
The effect of urine pH on the stability of these hormones and creatinine was examined next. Two urine specimens were divided into six portions, and the pH was adjusted to 0.5, 1, 3, 5, 7, and 10, respectively, using hydrochloric acid or sodium hydroxide. Samples were stored in a freezer (Ϫ20°C), in a refrigerator (ϳ4°C), or at room temperature (15-20°C) for up to 4 weeks. These urine samples were transferred to the Ϫ80°C freezer after their allotted storage time so that all samples could be analyzed together at the conclusion of the experiment.
On day 0, the concentrations of catecholamines, cortisol, and creatinine were essentially the same among the different pH values, except for pH 10. Therefore, the ratio of the concentration to the average of the concentrations at pH 0.5, 1, 3, and 7 on day 0 was calculated to compare the stability of these substances among different storage conditions in two urine samples. When urine pH was within the range 0.5-7 and the storage temperature was Ϫ20°C for 4 weeks, the concentrations of catecholamines did not change significantly ( P Ͼ0.1) during storage, and the values were within 6% of the average. This was also the case for storage at pH 0.5-3 at Ϫ4°C for 1 week. Changes in the ratios for these amines in urine samples stored under other conditions are listed in Table 1 . No changes in the concentrations of catecholamines were observed in samples at pH 7 stored at 4°C for 3 days, but adrenaline concentrations seemed to decrease slightly after 1 day of storage at room temperature. Marked decreases in amine concentrations were recognized at pH 10, even when the specimens were stored at Ϫ20°C. It was noteworthy that at pH 0.5 or 1, amine concentrations tended to increase during 1 week of storage at room temperature. Urinary free cortisol and creatinine concentrations did not change significantly ( P Ͼ0.1) when urine was stored at 4°C for 1 week at various pH values, except pH 10.
The results of this study concerning the stability of catecholamines in urine at pH 7 were similar to findings reported previously by others (10, 11) , although the previous reports did not mention urine pH. Giles and Meggiorini (10) measured adrenaline, noradrenaline, and dopamine in unpreserved samples of pooled human urine stored at Ϫ30°C for different times and found no significant correlation between storage time and catecholamine concentration. Boomsma et al. (11) measured the concentrations of three catecholamines in pooled, unpreserved urine stored at various temperatures and reported that the concentrations measured after 1 month at Ϫ20°C were unchanged from their original values.
When the results of these studies are taken together, it is recommended that, for analysis of catecholamines, cortisol, and creatinine, urine samples-whether they are preserved or not-should be frozen as soon as possible. If the urine pH is between 3 and 7, storage at 4°C for 1-2 days after urine collection might be permissible before freezing.
To test the effectiveness of these storage conditions, an additional 24 urine samples (pH 5.4 -8.2) were investigated. Each sample was subdivided into two portions, one of which was acidified with hydrochloric acid (pH 1.7-3.6). After a 10-h storage period at 4°C, both the acidified and unpreserved urine samples were transferred to the Ϫ80°C freezer, and analysis was performed 2 months later.
The data indicated that the concentrations of catecholamines, cortisol, and creatinine in unpreserved urine samples were almost the same as those in the respective acidified urine samples. Regression lines and coefficients of correlation (r) were as follows: y ϭ 1.00x Ϫ 0.8 (r ϭ 0.995) for noradrenaline; y ϭ 1.01x Ϫ 1.6 (r ϭ 0.998) for adrenaline; y ϭ 1.03x Ϫ 17.2 (r ϭ 0.996) for dopamine; y ϭ 0.87x ϩ 4.4 (r ϭ 0.996) for cortisol; and y ϭ 0.96x ϩ 3.1 (r ϭ 0.999) for creatinine, where y is the concentration in unpreserved urine, and x is the concentration in acidified urine. The ratios of the concentrations in unpreserved urine samples to those in acidified samples showed no significant correlation with urine pH, as shown in Fig. 1 . It is assumed that urine pH has no substantial effect on the stability of these substances, at least within this pH (5.4 -8.2) range.
Thus, the present results confirm that unpreserved urine samples can be used for the measurement of catecholamines, cortisol, and creatinine. These sampling and storage conditions are convenient for large-scale field studies, because it is not necessary for subjects to carry out time-consuming, awkward urine treatments using toxic chemical reagents, which would otherwise be necessary immediately after voiding. Oxidative modification of LDL is implicated in the pathogenesis of atherosclerosis (1, 2) . Susceptibility of LDL to oxidative modification is suggested to be an independent risk factor for coronary atherosclerosis, and recent epidemiological studies revealed protective effects of antioxidants on development and progression of atherosclerosis (3) (4) (5) .
We have previously demonstrated that hemin readily intercalates into LDL particles and rapidly oxidizes LDL in vitro (6) . Hemin-catalyzed oxidation of LDL can be accelerated by activated inflammatory cells, small amounts of hydrogen peroxide, or preformed lipid hydroperoxides within the LDL. That such hemin-induced oxidative modification of LDL may be involved in atherogenesis is supported by the finding that hemin-sensitive genes in endothelium (7) (8) are up-regulated in atherosclerotic lesions (9) .
The aim of the present study was to establish a clinical laboratory microassay, based on the time kinetics of hemin-catalyzed lipid peroxidation of LDL, for assessing LDL resistance to oxidative modification, and to determine the optimal conditions and reproducibility of the assay.
Plasma LDL was isolated from 1 g/L Na 2 EDTA-anticoagulated venous blood after a 2000g centrifugation for 20 min at 4°C, and the density of plasma was adjusted to 1210 g/L with KBr. After a two-layer gradient was made in a 5.1-mL Quick-Seal polyallomer tube (Beckman Instruments) by layering normal saline containing 100 mg/L of Na 2 EDTA on 1.5 mL of density-adjusted plasma, a single spin gradient ultracentrifugation at 228 000g at 4°C for 90 min (VTi 65.2 rotor, Beckman Instruments) was performed to isolate LDL. The LDL fraction proved pure in agarose gel electrophoresis, running homogeneously with ␤-lipoprotein. The LDL protein concentration, which is proportional to LDL molarity, was determined by the bicinchoninic acid (BCA) protein assay (Pierce). During preparative procedures and storage, the samples were kept at 4°C in room air and protected from shaking and light.
Hemin-catalyzed lipid peroxidation of LDL was monitored spectrophotometrically at 405 nm in a reaction mixture containing LDL (200 mg/L protein), hemin (4 mol/L), hydrogen peroxide (75 mol/L), and HEPES buffer (10 mmol/L, pH 7.4), in a final volume of 200 L, in triplicate. In the hemin-hydrogen peroxide-mediated LDL modification system, hemin degradation was shown to occur inversely with conjugated diene formation (6, 10) ; thus hemin degradation may function as a probe of lipid peroxidation process. The reaction was monitored in an Automated Microplate Reader Model EL340 (Bio-Tek Instruments) in a 96-well flat bottom tissue culture plate at 37°C. To run the reader and to analyze serial measurements taken every minute for 4 h, we applied KC3 software (Bio-Tek Instruments). The oxidative resistance of LDL was characterized by ⌬T at maximum velocity (V max ) in seconds, the time period until the maximal velocity of hemin disappearance in the propagation phase. The V max of hemin degradation, as defined by the maximum change in absorbance of hemin at 405 nm, was calculated using absorbance values detected every minute, with four absorbance values used to calculate the slope. Data are given as means Ϯ SD. The linearity of the relationship between ⌬T at V max and lag time was assessed by use of correlation coefficients. Fig. 1A demonstrates the kinetics of lipid peroxidation of an LDL sample catalyzed by hemin. The lipid peroxidation process and hemin degradation were monitored spectrophotometrically at 405 nm, using a kinetic microplate reader. The maximal velocity of the propagation phase was Ϫ6.4848 milliabsorbance units/min, and ⌬T at V max was 4590 s. Because ⌬T at V max has a strong linear relationship (r 2 ϭ 0.957) with the lag time, the length of initiation phase, the ⌬T at V max also characterizes the oxidative resistance of LDL (Fig. 1B) . The lag time was 84% of ⌬T at V max .
We analyzed how the concentrations of hemin and hydrogen peroxide influence ⌬T at V max . Between 3.0 and 5.0 mol/L hemin, ⌬T at V max had minimum values; therefore, 4.0 mol/L of hemin was optimal for assays generating the characteristic, shortest ⌬T at V max . Increases in the concentration of hydrogen peroxide decreased ⌬T at V max . From a technical point of view, i.e., length of kinetic spectrophotometric measurement, 75 mol/L was the optimal hydrogen peroxide concentration. The presence or absence of Na 2 EDTA in the reaction mixture does not affect the reaction kinetic curve of LDL lipid peroxidation catalyzed by hemin; therefore, dialysis of samples is not required for running the assay.
We tested the effect of storage of isolated LDL on the values of ⌬T at V max . Five LDL samples were stored in 150 mmol/L NaCl solution containing 100 mg/L of Na 2 EDTA at 4°C in room air, and ⌬T at V max was determined on 5 consecutive days. The decreases in ⌬T at V max were 2.6% Ϯ 0.9% and 9.4% Ϯ 5.7% at 24 and 48 h after LDL isolation, respectively. There were more substantial
